Background-Adherence to guidelines for surveillance mammography and clinic visits is an important component of breast cancer survivorship care. Identifying ethnic disparities in adherence may lead to improved care delivery and outcomes.
Introduction
Population based mammography screening and innovations in breast cancer treatment over the past decade have led to a decrease in breast cancer mortality in the United States. 1 Over the past 15 years, the death rate for breast cancer patients has declined by approximately 2.2% per year, 2 and the National Cancer Institute estimated in 2013 that there were approximately 2.6 million breast cancer survivors in the United States. 3 With the growing number of breast cancer survivors, surveillance for treatment-related side effects, disease recurrence, or new primary cancers (in addition to promotion of healthy lifestyles among breast cancer survivors) is an important component of the oncological clinical practice. 4, 5 Guidelines for the surveillance of women with a history of breast cancer have recommended that women undergo annual mammography and have a follow-up clinic visit every 4 to 6 months for 5 years. [5] [6] Previous studies evaluating adherence to the guidelines for breast cancer survivorship care have focused largely on understanding the predictors of the utilization of surveillance mammography. Older age at diagnosis, 7-13 a lack of adequate health insurance, [10] [11] [12] the presence of comorbidities, 7-10 minority ethnicities, [7] [8] [9] [10] [11] [12] [13] and less education [10] [11] [12] [13] have been associated with lower adherence to the guidelines for surveillance mammography. There is limited information on the association between patient-related factors and adherence to follow-up clinic visits. Using the Surveillance, Epidemiology, and End Results (SEER)-Medicare data, Keating et al. showed that patients aged ≥ 65 years who had fewer follow-up clinic visits with an oncologist, breast surgeon or radiation oncologist were less likely to undergo surveillance mammograms. 7 Given the important goals of breast cancer survivorship care and the existing ethnic disparities in breast cancer mortality, 14 identifying disparities in adherence to survivorship care is critical for creating opportunities to improve care delivery and patient outcomes. In this retrospective study of a large, diverse (by age and ethnicity) cohort of breast cancer survivors treated at The University of Texas MD Anderson Cancer Center, we examined the relationship between patient characteristics and adherence to surveillance mammography and follow-up clinic visits, and overall survival. We hypothesized that ethnic disparities will exist in adherence to breast cancer survivorship care and negatively affect overall survival.
Patients and Methods

Patient Selection
After we obtained approval from the Institutional Review Board of The University of Texas, MD Anderson Cancer Center, we used the MD Anderson Breast Cancer Management System database to identify patients who underwent treatment at MD Anderson Cancer Center for stage I, II or III breast cancer (as defined by the American Joint Committee on Cancer Staging Manual 5 th edition and the American Joint Committee on Cancer Staging Manual 6 th edition) 15, 16 between January 1997 and November 2008. Only patients who were residents of the state of Texas were included to improve ascertainment of clinical outcomes. We identified 5,137 patients who met the study criteria and defined the start of follow-up in survivorship care as the time of the first clinic visit or mammogram that occurred between 9 and 18 months after the start of first treatment for breast cancer (surgery or systemic therapy). We excluded patients who did not have a mammogram or clinic visit (n = 430) and patients who experienced a breast cancer event (new primary breast cancer, recurrence, or death; n = 172) between 9 and 18 months after the start of first treatment. Those patients were excluded to ensure that we had a disease-free cohort at the start of the study and that the goal of the mammography and clinic visits was breast cancer survivorship care and not treatment. 7 The final cohort for analysis consisted of 4,535 patients. We examined survivorship care that took place up to 48 months after the follow-up starting point or until December 1, 2012, whichever date came first. To be included in analyses of a surveillance year evaluating frequency of mammography, participants had to be female, alive, breast cancer-free and not have undergone bilateral mastectomies before the end of the surveillance year. To be included in analyses of a surveillance year evaluating frequency of clinic visits, patients had to be alive and breast cancer-free before the end of the surveillance year.
Variables Collected
The Breast Cancer Management System database contains detailed information on patient demographics, breast tumor characteristics, treatment and has previously been described. 17 MD Anderson Cancer Center is located in the Houston metropolitan area, whose 10 counties 18 provide the majority of patient referrals to the institution. We therefore categorized the participants' county of residence as being within the metropolitan area or outside the metropolitan area in order to assess the effect of distance from home residence to the treatment facility on nonadherence to survivorship care. A patient was considered to have received systemic therapy if there was documentation of treatment in the medical record. Follow-up information for patients listed in the Breast Cancer Management System is updated every 2 years by direct review of the medical records and linkage to the MD Anderson Tumor Registry, whose staff mail annual follow-up letters to each registered patient known to be alive to determine the patient's clinical status. Tumor Registry staff also check the Social Security Death Index and the Texas Bureau of Vital Statistics data for the status of patients who have not responded to a follow-up letter.
Metrics for Adherence to Survivorship Care Guidelines
We identified mammogram and clinic visit records by CPT (current procedural terminology) codes obtained from the MD Anderson Enterprise Warehouse Database. We included clinic visits to medical oncology, breast surgery, radiation oncology and the Cancer Prevention Center at the MD Anderson Cancer Center. Patients were considered nonadherent to mammogram guidelines if they did not have at least one annual mammogram during the survivorship follow-up period. Full adherence to clinic visit guidelines was defined as a mean of ≥2 clinic visits per year during the survivorship follow-up period. 6 Individuals with a mean of <2 and ≥1 clinic visit per year during the survivorship follow-up period were categorized as partially adherent, and individuals who did not have at least one clinic visit per year over all years of survivorship care were defined as nonadherent.
Statistical Analyses-Univariable and multivariable analyses for repeated measures with generalized estimating equation (GEE) models were used to estimate the association between nonadherence to mammography or clinic visits and patient and clinical characteristics to model the probability of nonadherence. We used two comparisons to investigate nonadherence to clinic visit guidelines: (i) nonadherence and partial adherence versus full adherence and (ii) nonadherence versus partial and full adherence combined. The trend of nonadherence over time was estimated by modeling the probability of nonadherence over years of survivorship follow-up. Backward stepwise selection was used to select maineffect models in multivariable analyses. Variables with p <0.05 for Wald statistics of maximum likelihood estimates were retained in multivariable models. The interaction between endocrine therapy and ethnicity was evaluated in multivariable models because adherence to endocrine therapy has been identified as suboptimal among breast cancer survivors. 4 We also evaluated for interaction between ethnicity and education level on nonadherence to mammography and clinic visits. Interaction terms with p <0.05 for Wald statistic of maximum likelihood estimates in any ethnicity category were retained in the final multivariable models. The association between overall survival and nonadherence to mammography and clinic visit guidelines was evaluated with multivariable Cox proportional hazards regression analyses modeling the probability of nonadherence with adjustment for ethnicity as well as the statistically significant (p < 0.05) variables. Time to event was calculated from the beginning of first treatment to the end of data collection (December 1, 2012) or death from any cause. All p values were reported at two-sided significance level of 0.05. Data were processed and analyzed with SAS version 9.3 software (SAS Institute Inc., Cary, NC).
Results
Association between Patient Characteristics and Nonadherence to Surveillance Guidelines over Time
Patients included in the analysis differed significantly from patients excluded from the analysis in ethnicity, age, type of health insurance, educational level and distance between residence and MD Anderson Cancer Center (Table 1) . Of the 4,535 patients included in the study analysis, 88 developed a new primary breast cancer, 496 had a breast cancer recurrence, and 129 died during the study period examined.
The Spearman correlation between nonadherence to mammography guidelines and nonadherence to clinic visit guidelines was 0.52. There was a significant trend for increasing nonadherence to both mammography and clinic visit guidelines over time among all study participants (p=0.0002 and p<.0001, respectively) and within each ethnic group. Approximately twenty percent of white patients were nonadherent to mammography guidelines in year 4 of survivorship care, compared with approximately 30% and 25% of Hispanic and black patients, respectively (Figure 1a) . Similarly, approximately 15% of white patients were nonadherent to clinic visit guidelines in year 4 of survivorship care, compared with approximately 26% and 20% of Hispanic and black patients, respectively (Figure 1b) .
Association between Ethnicity and Nonadherence to Surveillance Guidelines
In univariable analysis, patient characteristics associated with nonadherence to mammography included year of survivorship care (P < .0001), older age (P = .002), Hispanic and Black ethnicity (P < .0001), type of insurance (P = .0004), body mass index (P = .05), county of residence outside of metropolitan area (P < .0001) and education level (P<. 0001) (data not shown). In adjusted multivariable analysis, Hispanic patients (odds ratio [OR] = 1.35, 95% confidence interval [CI] = 1.10 to 1.65) and black patients (OR = 1.36, 95% CI = 1.11 to 1.66) were more likely to be nonadherent to guidelines for mammography than were white patients ( Table 2 ). There was a statistically significant interaction between Hispanic ethnicity and endocrine therapy in relation to nonadherence to mammography guidelines (P = .001). Compared with white patients who didn't receive endocrine therapy, Hispanic patients who did not receive endocrine therapy were more likely to be nonadherent to mammography guidelines (OR = 2.28, 95% CI = 1.63 to 3.18) ( Table 2 ). Black patients were more likely than white patients to be nonadherent to mammography guidelines whether or not they received endocrine therapy. There was no significant interaction between ethnicity and education level on nonadherence to mammography guidelines (P=.32).
In univariable GEE analysis using the categories of nonadherence versus full or partial adherence to clinic visit guidelines, patient characteristics associated with nonadherence with clinic visits included year of survivorship care (P < .0001), age at diagnosis (P = .005), ethnicity (P = .0001), type of insurance (P = .005), area of residence (P < .0001) and education level status (P<0.0001) (data not shown). In adjusted multivariable analysis, Hispanic patients (OR = 1.62, 95% CI = 1.27 to 2.06) and black patients (OR = 1.45, 95% CI = 1.13 to 1.86) were more likely to be nonadherent to clinic visit guidelines than white patients (Table 3 ). There was a statistically significant interaction between Hispanic ethnicity and endocrine therapy in relation to nonadherence to clinic visit guidelines (P = . 04). In adjusted multivariable GEE model stratified by endocrine therapy use, compared with white patients who did not receive endocrine therapy, Hispanic patients (OR = 2.19, 95% CI = 1.52 to 3.17) who did not receive endocrine therapy were more likely to be nonadherent to clinic visit guidelines (Table 3) . There was no significant interaction between ethnicity and education level on nonadherence to clinic visit guidelines (P=0.13).
For clinic visits, in the adjusted multivariable GEE model using the combined categories of nonadherence and partial adherence versus full adherence, there was no evidence of an interaction between ethnicity and endocrine therapy. Hispanic patients were more likely than white patients to be nonadherent or partially adherent to clinic visit guidelines (OR = 1.22, 95% CI 1.02 to 1.47). Black patients were more likely than white patients to be nonadherent or partially adherent to clinic visit guidelines, but the association was not statistically significant (OR = 1.12, 95% CI = 0.94 to 1.34) (data not shown).
Association between Nonadherence to Surveillance Guidelines and Overall Survival
In the adjusted multivariable Cox regression analysis, nonadherence to mammography guidelines (hazard ratio [HR] = 0.94, 95% CI = 0.76 to 1.18) and clinic visit guidelines (HR = 1.03, 95% CI 0.80 to 1.34) were not associated with overall survival (Table 4) . However, compared with white patients, Hispanic patients had a decreased risk of death (HR = 0.71, 95% CI = 0.51 to 0.98) and black patients had an increased risk of death that bordered on statistical significance (HR=1.26, 95% CI 0.98 to 1.62).
Discussion
We evaluated ethnic and racial disparities in adherence to the surveillance guidelines for breast cancer survivorship care (mammography and clinic visits) given the increasing recognition of the importance of long-term follow-up care for cancer survivors. We found that Hispanic and black patients are more likely to be nonadherent than white patients, but nonadherence increased among all ethnicities over time. Among Hispanic patients, nonadherence to surveillance guidelines varied significantly in relation to whether endocrine therapy was received. There was no relationship between nonadherence to the guidelines and overall survival.
Among minority and underserved patient populations, psychosocial factors including higher levels of worrying about health, the perceived stigma of breast cancer, [19] [20] [21] [22] and a higher financial burden 11, 22, 23 have been identified as important components of the cancer survivorship experience that may influence adherence. Having to travel a long distance to see an oncologist has also been described as a practical hardship affecting the adherence of many cancer patients to care guidelines. [24] [25] [26] We found that distance from a patient's residence to MD Anderson Cancer Center was significantly associated with a lack of followup after the completion of treatment and with nonadherence to survivorship care guidelines. Black and Hispanic patients were less likely than white patients to follow up with survivorship care after the completion of treatment and were also likely to live further from MD Anderson Cancer Center than white patients. Since it is possible that some patients may have continued their survivorship care at oncological or primary care facilities closer to their residences, our findings highlight the importance of coordination of survivorship care among different types of providers and between providers and patients. [27] [28] [29] In a finding unique to our study, we observed a significant interaction between Hispanic ethnicity and endocrine therapy in association with nonadherence to guidelines. Hispanic breast cancer patients who were not eligible for endocrine therapy or who declined or were not offered such therapy may have had a lower incentive to maintain a relationship with a provider, especially if language barriers existed, and lack of a relationship with a provider may have contributed to their worse adherence to recommendations for follow-up care. An estimated 30% to 50% of breast cancer patients stop adhering to adjuvant endocrine therapy guidelines by the fifth year of treatment. 30, 31 Specific educational interventions may be needed to retain minority patients not receiving endocrine therapy in survivorship care.
Our study enrolled patients who were alive and cancer-free 9 to 18 months after the start of first treatment, therefore it may have been biased toward patients with a relatively high short-term life expectancy, for whom a longer follow-up period would be needed to detect an association between survivorship care and overall survival. No randomized clinical trials have been conducted to evaluate the impact of annual surveillance mammography on patient survival after a diagnosis of breast cancer. However, three randomized studies evaluating reduced follow-up strategies compared to routine scheduled clinic follow-up did not show a negative impact of reduced follow-up on patient-report outcomes or early detection of cancer. [32] [33] [34] More research is needed to define the elements of breast survivorship care that influence survival and quality of life outcomes and to identify subsets of patients most likely to derive benefit. 5 The improved overall survival of Hispanic breast cancer patients compared to white patients has been previously described 1 and may be partially attributed to a lower prevalence of comorbidities 35 and dependent on the nativity status of the individual. 36 Factors such as comorbidities, lifestyle factors, utilization of the health care system and neighborhood socioeconomic conditions may have contributed to the survival gap between black and white breast cancer patients. [37] [38] [39] This study had several limitations that should be considered in interpreting the findings. Because the analyses were restricted to the information stored in the Breast Cancer Management System database, we were unable to evaluate the role of other factors that can affect survivorship care, such as socioeconomic status, 10-12 patient spoken language, 40 acculturation, 41 psychosocial variables, [42] [43] [44] and the presence of comorbidities. 45, 46 In addition, it is possible that even after adjustment for known confounders, the multivariable GEE models with two-way interactions or the Cox proportional hazards survival analyses were affected by residual confounding.
In conclusion, ethnic disparities exist in adherence with breast cancer surveillance guidelines and given the importance of survivorship care, new strategies are needed to promote adherence to care guidelines among breast cancer survivors. 7, 47, 48 Further investigations should focus on determining the efficacy of health promotion interventions aimed at improving patient retention in survivorship care that take into account an individual's health and cultural beliefs, social and financial support, and ease of access to survivorship care. a. Nonadherence of breast cancer patients to guidelines for surveillance mammography over time. b. Nonadherence of breast cancer patients to guidelines for follow-up clinic visits over time. Native American/Asian 1.14 (0.79 to 1.63) .48 † The model was adjusted for year, age at diagnosis, chemotherapy, radiation therapy, endocrine therapy, area of residence and education level. ‡ The model was adjusted for year, age at diagnosis, chemotherapy, radiation therapy, area of residence and education level.
Abbreviations: OR, odds ratio; CI, confidence interval.
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